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LONG-ACTING DERIVATIVES OF PYY AGONISTS 



FIELD OF THE INVENTION 

5 The present invention relates to novel long-acting derivatives of PYY 

agonists that, foUowing administration, are capable of imdergoing spontaneous 
chemical transformation in the body firoin an inactive form into a biologically active 
PYY agonist, and particularly to derivatives of PYY agonists bearing a functional 
group sensitive to mild basic conditions, and to pharmaceutical compositions 

10 comprising them for reducing food intake and for treating diseases or disorders such 
as obesity. 

Abbreviations: Fmoc: 9-fluorenyhnetiioxycarbonyl; FMS: (2-sulfo)-9- 
fluorenyhnethoxycarbonyl; FMS-OSu: FMS N-hydroxysuccinimide ester; 
(FMS)2- FYY3.36: tiie peptide PYY3-36 having two FMS moieties covalentiy 
15 attached to amino groups of PYY3.36; HPLC: high-performance hquid 
chromatography. 

BACKGROUND OF THE INVENTION 

The term obesity implies an excess of adipose tissue relative to lean body 
/mass. It is best viewed as any degree of excess adiposity tiiat imparts a health risk. 
20 Obesity results from a greater consumption of energy tiian is used by tiie body. As 
this energy is stored, fat cells enlarge and increase in number, producing the 
characteristic pathology of obesity. 

Obesity is associated with important psychological and medical morbidities 
and represents a known risk for disorders and diseases such as hypertension; 
25 dyslipidemia; type 2 diabetes; coronary heart disease; stroke; gallbladder disease; 
osteoarthritis; sleep apnea and otirer respiratory problems; and endometrial, breast, 
prostate, and colon cancers. 
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Treatment of obesity remains a problem. Except for exercise, diet and food 
restriction, there is currently no convincing pharmacological treatment for effective 
reduction of body weight. Plain diet usually fails due to poor compliance and, when 
terminated, patients usually return to their pre-diet weight. One approved drug, 
5 Orlistat (Xenical), reduces fat adsorption through the gut by about one third, but it is 
poorly ejBfective and has several side effects. An alternative pharmacological 
approach is based on appetite suppressants, but these medications are, in general, 
modestly effective. Some antidepressant medications have been studied as appetite 
suppressant medications, but were not found effective. Amphetamines and closely- 

10 related compounds are not recommended for use in the treatment of obesity due to 
their potential for abuse and dependence. 

The peptides called NPY, P YY, and PP are hormones often said to belong to 
the pancreatic polj^Deptide family. Nemropeptide Y (NPY) is the most abundant 
peptide in central and peripheral nervous system in mammals. It stimulates food 

15 intake, affects blood pressure, enhances memory retention, and affects circadian 
rhythms. Human pancreatic polypeptide (PP), as isolated from the pancreas, has 36 
amino acid residues with an amidated C-terminal tyrosine. PP is released into the 
plasma when stimulated by the ingestion of food and inhibits the stimulation of 
gastric and pancreatic exocrine secretions. The presence of the C-terminal tyrosine 

20 amide seems to be required for biological activity. A related peptide was discovered 
in extracts of iatestine and named Peptide YY (PYY) because of its N- and C- 
terminal tyrosine (Y) residues. 

The hypothalamic family of neuropeptide Y (NPY) receptors plays a major 
role in regulating satiety and food intake (Schwartz, 2000). The putative inhibitory 

25 Y2 pre-synaptic receptor (Y2R) is expressed in the arcuate nucleus, which is 
accessible to local and peripheral agonists of the NPY family (Broberger et al., 
1997; Kaha et al., 1999). One such Y2R agonist is peptide YY3-36 (PYY3.36), which 
is released from the gastrointestinal tract post-prandially in proportion to the caloric 
content of a meal (Pedersen-Bjergaard et al., 1996; Adrian et al., 1985; Grandt et 

30 al., 1994). Recently, it was demonstrated that peripheral administration of PYY3.36 
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inhibits food intake in humans, mice and rats and reduces weight gain in rats 
(Batterham et al., 2002, 2003; WO 02/47712). Thus, infusion of PYY3-36 to reach 
the normal post-prandial circulatory concentrations of this peptide lead to a peak in 
serum PYY3.36 within 15 min, followed by a rapid decline to normal levels within 
5 30 min. Despite this rapid clearance, administration of PYY3.36 to fasting 
individuals decreases their appetite and reduces food intake by 33% within a 12 h 
period following PYY3.36 administratioiL. Furthermore, no compensatory food 
intake occurs over the next 12 h (Batterham et al., 2002). Therefore, PYY3.36 may 
find a clinical use in treatment of obesity and its associated disorders, including type 
10 n diabetes mellitus and cardiovascular diseases (Schwartz and Morton, 2002). 

PYY and PYY agonists such as the firagment PYY3.36 bave been recently 
disclosed in WO 02/47712 as potential drags for treatment of obesity and for 
treating conditions or disorders which can be alleviated by reducing nutrient 
availability in a subject, e.g. hypertension, dyslipidemia, cardiovascular risk, eating 
15 disorder, insulin-resistance, obesity and diabetes meUitus. Peripheral injection of 
PYY3.36 in rats inhibits food intake and reduces weight gain. In humans, infusion of 
normal posprandial concentrations of PYY3.36 has been shown to significantly 
decrease appetite and to reduce food intake by 33% over 1? h following 
administration of PYY3.36. However, this effect of PYY3.36 was limited to the first 
20 12 h as no difference in food intake was noticed between the PYY3.36 and placebo 
groups at the next 12 h (Batterham et al., 2002). 

WO 98/05361 discloses a novel conceptual approach for generation of long- 
acting drags by -derivatizing a drag having at least one firee amino, carboxyl, 
hydroxyl and/or mercapto groups with a moiety that is highly sensitive to bases and 
25 is removable under mild basic conctitions. The prodrag obtained is iaactive but 
undergoes transformation into tiie active drag under physiological conditions in the 
body. Examples of said moieties are the radicals 9-fluorenylmetiioxycarbonyl 
(Fmoc) and 2-sulfo-9-fluorenylmetlioxycarbonyl (FMS). According to this concept, 
Fmoc and FMS derivatives of of peptidic drags such as insulin and human growth 
30 hormone, as well as of non-peptidic drags such as propanolol, cephalexin and 
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piperacillin (WO 98/05361), and of cytokines (WO 02/36067) and of enkephalin, 
doxorubicin, amphotericin B, gentamicin and gonadotropin releasing hormone 
(GnRH) (WO 02/7859) have been described. 

It would be highly desirable to provide a derivative of a P YY agonist that has 
5 a longer circulatory half-life in the body. 

SUMMAJa^Y OF THE INVENTION 

The preseiit invention relates to a PYY agonist derivative of the formula: 

(X)n-Z 

10 wherein X is a 9-fluorenylmethoxycarbonyl (Fmoc) or 2-sidfo-9-fluorenyl- 
methoxycarbonyl (FMS) radical, Z is the residue of a PYY agonist linked to tiie 
radical X through an amino or hydroxyl group, and n is 1 to 3. 

A "PYY agonist" as defined herein refers to a molecule that has a PYY- or 
PYY3.36-like biological activity such as reducing food intake in. mammals, and acts 
15 by a mechanism similar to that of PYY and PYY3.36, for example by binding to the 
Y2 receptor. The PYY agonist is preferably an agonist specific for the Y2 receptor 
and is preferably a peptide containing, at a minimum, the sequence of amino acids 
25-36 of PYY, most preferably, the sequence 3-36 of PYY, 

In one embodiment of the iuvention, the PYY agonist is the 36-mer peptide 
20 PYY of the sequence represented by [SEQ ID NO. : 1] : ' 

YPn<a>EAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH2 
In a preferred embodiment of the invention, the PYY agonist is the peptide 
PYY[3-36] of the sequence represented by [SEQ ID NO, : 2]: 

IKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH2 
25 In a most preferred embodiuient of the invention the radical X is FMS, Z is 

PYY3.36 and n is 2, namely die derivative (FMS)2-PYY3.36, of the sequence 
represented by [SEQ ID NO. : 3]: 
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FMS-ne-Lys(8-FMS)-Pro-Glu-Ala-Pro-Gly-Glu-Asp-Ala-Ser-Pro-Glu-Glu- 
Leu-Asn-Aig-Tyr-Tyr-Ala-Ser-Lea-Arg-His-Tyr-I^u-Asn-I^u-Val-Thr-^^ 

Arg-Tyi-NHa 

The invention further relates to a pharmaceutical composition comprising a 
5 PYY agonist derivative of tbe formula (X)n - Z and a pharmaceutically acceptable 
carrier, particularly for reduction of food intake and for Ihe treatment of diseases, 
conditions or disorders which can be alleviated by reduction of food intake. 

The invention still further relates to a method of treatment of a disease, 
condition or disorder which can be alleviated by reduction of food intake which 
10 comprises administering to an individual a PYY agonist derivative of the formula 
(X)ti - Z , in an amount sufficient for reduction of food intake by said individual and 
consequent alleviation of said disease, condition or disorder. 

BRIEF DESCRDPTION OF THE DRAWING 
15 Fig. I shows mass spectrometric analysis of (FMS)2-PYY3.36. Three peaks 

are apparent: 4350.96 corresponds to a monosubstituted FMS-PYY3.36; 4653.77, 
corresponds to (FMS)2-PYY3.36 and 4675.91 corresponds to Na(FMS)2-PYY3.36- 

DETAILED DESCRIPTION OF THE INVENTION 

20 The present invention provides novel PYY agonist derivatives in which one 

or more amino or hydrojQd groups of the PYY agonist is substituted with a radical 
Fmoc or FMS. These functional groups are sensitive to bases and are removable 
under mild basic conditions, e.g., under physiological conditions. 

The derivatives of PYY agonists of the invention are prodrugs essentially 

25 lacking biological activity. They are metaboUcally stable and their rate of 
degradation and clearance m vivo is significantly lower than that of their 
corresponding PYY agonists. However, following administration, said prodrugs are 
capable of spontaneous gradual conversion to the corresponding PYY agonist and 
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exhibit, fberefore, an augmented bioavailability and are useful as long-acting PYY 
agonists. 

In one embodiment of the invention, the radical X is Fmoc or FMS and the 
PYY agonist Z is the peptide PYY of SEQ ID NO: 1, thus obtaining the derivatives 
5 selected from the group coiisisting of Fmoc-PYY, (Fmoc)2-PYY, (Fmoc)3-PYY, 
FMS-PYY, (FMS)2-PYY and (FMS)3-PYY. 

In another preferred embodiment of the invention, the radical X is Fmoc or 
FMS and the PYY agonist Z is the peptide PYY3-36, thus obtaining the derivatives 
selected from the gioup consisting of Fmoc-PYYs-se, (Fmoc)2-PYY3.36, (Fmoc)3- 
10 PYY3.36> FMS-PY\^3.36, (FMS)2-PYY3.36, and (FMS)3-PYY3.36. 

In a most preferred embodiment, the long-acting derivative of the invention 
is (FMS)2-PYY3.36, in which one FMS radical is linked to the a-amino group of the 
N-terminal residue of PYY3.36, and a second FMS radical is linked to the 8-amino 
group of the lysine (K) residue at position 2 of PYY3.36, as herein represented by 
15 SEQIDNO:3. 

The PYY agonist derivatives according to the invention may be obtained by 
reacting the PYY agonist with excess of 9-fluorenybnethyl N-hydroxy-succinimide 
ester (Fmoc-OSu) or 2-sulfo-9-fiuorenylmethyl N-hj^drosy-succinimide ester 
(FMS-OSu), reagents that are very specific for amino groups, or with 9- 
20 fluorenylmethoxycarbonyl chloride (Fmoc-Cl), that reacts with, and covalently 
attaches to, amino and hydroxyl radicals. 

Alternatively, the PYY agonist derivatives according to the invention may be 
obtained by direct peptide synthesis, using suitably derivatized lysine and the 
suitably derivatized N-terminal anmio acid. Examples of these suitably derivatized 
25 amino acids are N-alpha-tBoc-N-epsilon-FMS-L4ysine and N-alpha-FMS- 
L-glutamic acid gamma t-butyl ester. Such derivatized amino acids are incorporated 
into the peptide sequence and following acid de-protection and cleavage from the 
resin, will yield (FMS)2-PYY3.36 with a free carboxyl at its N-terminus. 
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In a further alternative, the peptide PYY5.36 is first prepared by solid phase 
automatic synftiesis followed by manual addition of the suitably derivatized FMS- 
Lys and and FMS-Ile residues at the N-terminus, respectively. 

According to the present invention (FMS)2-PYY3.36 was prepared by reacting 
5 one equivalent of PYY3.36 in phosphate buffer pH 7.2, 0. 1 M with 7 equivalents of 
FMS-OSu dissolved in dry dimethyl formamide (DMF) for 2 h. The reaction 
mixture was then subjected to extensive dialysis against distilled water at pH 6 and 
the retained fraction was saved for further study. Electrospray mass spectrometry of 
the retained fraction reveals a major signal at molecular mass 4654, corresponding 
10 to the formula (FMS)2-PYY3-36- A minor signal at molecular mass 4676 represents a 
sodium salt of (FMS)2-PYY3-36. Another minor signal at molecular mass 4351 
represents a mono-substitated product FMS-PYY3-36. Altogether, the proportion of 
(FMS)2-PYY3.36 represented 85% of the material and the remainder was mono- 
substitated FMS-PYY3.36. Further purification of (FMS)2-PYY3.36 may be obtained 
15 by conventional chromatographic methods, e.g., reversed-phase HPLC. 

To evaluate the efficacy of (FMS)2-PYY3.36 as modulator of food intake, it 
was studied in a re-feeding model. Briefly, normal C57BL/6 male mice were 
subjected to a starvation period of 24 h with unrestricted supply of drinking water. 
At different time points during the starvation the mice were injected intra- 
20 peritoneally with either saline, PYY3.36 or (FMS)2-PYY3-36: At the end of the 
starvation period, the mice were presented with pre-weighted supply of standard 
chow and the amount of food consumed dming the first 2 h was recorded. Each 
study group consisted of 10 mice and the amount of food consumed was measured 
per 10 mice. When mice were injected with 2.5 ^g of PYY3.36 ia 0.1 ml saline at 
25 time 24 h (immediately before providing the food), there was a 28% reduction of 
food intake as compared witih a control group of mice injected with sahne. When 
mice were injected with 2.5 \xg of PYY3-36 in 0.1 ml saliae at time 23 h 45 min (15 
min. before providing the food), there was a 40% reduction of food intake as 
compared with a control group of mice injected with saline. The improved response 
30 to PYY3.36 in the second experiment was due to higher food consumption in the 
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group injected with saline at 23 h 45 min as compared with the group injected with 
saline at 24 h. Apparently, the stress imposed by the injection itself has also reduced 
food consumption. In another study, mice were injected with 1 jig of PYY3.36 at 
time 23 h, 45 min. and the amount of food consumed was reduced by 31% as 
5 compared with a saline-injected group. Thus, a dose-response was obtained. 

To establish the duration of response to unmodified PYY3.36, 2.5 |jg of 
PYY3.36 were injected to starving mice at time 19 h (5 h before pro\dding the food). 
No effect on food intake was seen, as compared with saline control. The efficacy of 
the (FMS)2-PYY3,36 prodrug was then tested. Mice were injected with 5 |Lig of 

10 (FMS)2-PYY3-36 per mouse at time 23 h, 45 min. The amount of food consumed 
was 90% of that consumed by a saUne-injected group. This experiment indicated 
that (FMS)2-PYY3_36 probably lacked biological activity prior to being hydrolyzed 
to active PYY3.36. In another experiment, mice were injected with 50 |ig of (FMS)2- 
PYY3.36 at time 18 h, namely 6 h before re-feeding. This time, the amount of food 

15 consumed was reduced by 49% as compared with a saUne-injected group. In 
another study, mice were injected with 20 \xg of (FMS)2-PYY3.36 at time 5 h, 
namely 19 h before re-feeding. This time, the amount of food consumed at time 24- 
26 h was reduced b3^ 26% as compared with a saline-injected group. These 
experiments indicate that (FMS)2"PYY3.36 is an inactive long-acting prodrag that 

20 produces active PYY3-36 following administration into mice. It is concluded that 
(FMS)2-PYY3.36 reduces food intake even when given 19 h before food. This is in 
contrast with unmodified PYY3.365 whose activity is rapidly eliminated and is not 
detectable 5 h after administration. 

The results obtained according to the invention indicate that long-acting 

25 PYY agonist derivatives such as (FMS)2-PYY3-36 have utility in reducing food 
intake, and can be used as therapeutics to treat diseases, conditions or disorders that 
benefit fi:om reduced food intake, such as obesity. 

Also included in the scope of the invention are pharmaceutically acceptable 
salts of the PYY agonist derivatives of the invention. As used hereni, the term 

30 "salts" refers to both salts of carboxyl groups and to acid addition salts of amino 
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groups of the peptide molecule. Salts of a carboxyl group may be formed by means 
known in the art and include inorganic salts, for example, sodium, calcixun, 
ammonium, ferric or zinc salts, and the like, and salts with organic bases such as 
those formed for example, with amines, such'as triethanolamine, arginine, or lysine, 
5 piperidine, procaine, and the Uke. Acid addition salts include, for example, salts 
with mineral acids such as, for example, hydrochloric acid or sulfuric acid, and salts 
with organic acids, such as, for example, acetic acid or oxalic acid. Such salts may 
be preferably used to modify the pharmaceutical properties of the peptide insofar as 
stability, solubility, etc., are concerned. 
10 In another aspect, the present invention relates to pharmaceutical 

compositions comprising a PYY agonist derivative of the invention or a 
phaimaceutically acceptable salt thereof and a pharmaceutically acceptable carrier. 

The carrier must be "acceptable" in the sense of being compatible with the 
active tngredient(s) of the formulation (and preferably, capable of stabiliziag 
15 peptides) and not deleterious to the subject to be treated. 

The formulations may conveniently be presented in unit dosage form and 
may be prepared by any of the methods well known in the art of pharmacy, for 
example as described in Remington: The Science and Practice of Pharmacy, A.R. 
Gennaro, ed., 20th edition, 2000. All methods include the step of bringing the 
20 active ingredient(s) into association with the carrier which constitutes one or more 
accessory ingredients. 

Any suitable route of administration of the PYY agonist derivatives to 
humans is envisaged by the invention, for example via conventional iajectable, 
intramuscular, intravenous, subcutaneous, intranasal and transdermal 
25 administration. 

The pharmaceutical compositions of the invention are useful for reduction of 
food intake and for the treatment of diseases, conditions or disorders that can be 
alleviated by reduction of food intake, such as, but not limited to, obesity, 
hypertension, dyslipidemia, cardiovascular risk, insulin-resistance, or diabetes 
30 mellitus (particularly diabetes of type II). 

9 
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In another aspect, the invention relates to a method for reduction of food 
intake or for treatment of a disease, condition or disorder that can be alleviated by 
reduction of food intake which comprises administering to an individual in need 
thereof an effective amount of a PYY agonist derivative of the invention. Any 
5 disease, condition or disorder kaown today or to be discovered in the future that can 
be can be alleviated by reduction of food intake such as, but not limited to, obesity, 
hypertension, dyslipidemia, cardiovascular risk, eating disorder, insulin-resistance, 
and diabetes meUitus, is envisaged according to the invention for treatment with the 
respective derivative of the PYY agonist according to the present invention. 

10 The invention further relates to a method of induciag weight loss in an 

individual comprising administering to said individual a therapeutically effective 
amount of a PYY agonist derivative of the invention, preferably, (FMS)2-PYY3-36, or 
a phannaceutically acceptable salt thereof 

The invention wiU now be illustrated by the following non-limiting 

15 Examples. 

EXAMPLES 

Example 1 : Preparation of (FMS)2-P¥Y3.36 

20 PYY3-36 was prepared by solid-phase peptide synthesis or alternatively 

purchased from Bachem AG, Bubendorf, Switzerland. 

Procedure L PYY3-36 was dissolved in distilled water and its concentration 
was determined to be 0.84 mg/ml at OD280 (e= 6400). A solution of PYY3.36 (0.4 
ml) was then mixed with 0.1 ml of phosphate buffer pH 7.2, 0.1 M. FMS-OSu 

25 (prepared as described in WO 02/36067), 240 ^ig (7 molar equivalents), dissolved in 
dry dimethyl formamide (DMF), was added and the mixture stirred for 2 h. The 
reaction mixture was then subjected to extensive dialysis at 4°C agaiast distilled 
water at pH 6. At the end of dialysis, the retained volume was 1.55 ml and the 
calculated concentration was 0.2 mg/ml. Electrospray mass spectrometry of the 

30 retained jfraction revealed a major signal at molecular mass 4654, corresponding to 

10 
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the formula (FMS)2-PYY3-36. A minor signal at molecular mass 4676 represents a 
sodium salt of (FMSVPYYs-ae. Another minor signal at molecular mass 4351 
represents a monosubstituted product FMS-PYYslae- Altogether, the proportion of 
(FMS)2-PYY3.36 represented 85*% of the material and the remainder was mono- 
5 substituted FMS-PYY3.36 or tiisubstituted (FMS)3-PYY3-36 (Fig. 1). The title 
compound was further purified by applying the mixture onto a CIS reversed-phase 
HPLC column and resolving tihe two products by a gradient of acetonitrile in 0.1% 
aq. trifluoroacetic acid. (FMS)2-PYY3-36 elutes after the monosubstituted FMS- 
PYY3-36. 

10 

Procedure 11. According to this procedure, first the peptide PYY5.36 is 
prepared by solid phase automatic procedure and then the two FMS groups at 
positions 2 and 1 are introduced manually while adding the Lys and lie residues, 
respectively. Tlius, synthesis of polymer-bound PYY5.36 is achieved by solid phase 

15 automatic procedure employing an ABIMED AMS422 synthesizer (ABIMED, 
Lanegenf eld, Germany) using the commercially available protocols via the Fmoc- 
strategy. All protected amino acid derivatives as well as the polymeric support 4- 
([2',4'-dimethoxyphenyl]-Fmoc-amino-ethyl) phenosy resin (Rink Amid Resin) are 
purchased from Nova, Switzerland. Coupling is achieved by PyBOP 

20 (benzotriazolyl-N-oiQ^-tris(dimethylamino) phosphonium hexafluorophosphate. 

The fiee a-amino group of Pro-5 is coupled manually and using the same 
steps performed automatically, to a-Mtt-Lys(8-FMS)-0H. The Mtt-protecting 
group (4-methyltri1yl) is tiien removed by treatment with TFA:TES:DCM (2:5:93; 
v:v:v) for 30 min (6x5 min) and the free a-amino group of Lys-4 is coupled 

25 manually willi FMS-Ile. After completion of coupling, final cleavage of the peptide 
from the resin along with side-chain deprotection is achieved by treatment with a 
mixture of TFA:water:TES (95:2.5:2.5; v:v:v) for 2 h. The cleaved peptide is 
precipitated vytith ice cold tert-bulylmethyl ether and centritfuged. The solution is 
decanted and the pellet is dissolved in water and lyophilized to yield a white 

30 powder. Purification of the crude FMS-peptide is performed as described above. 

11 
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Example 2: PYY[3-36] reduces food intake in a mouse re-feeding model. 

The efficacy of (FMS)2-PYY3.36 as a modulator of food intake was studied 
using a re-feeding model. A group of 10 normal C57BL/6 male mice at the age of 9 
5 weeks were subjected to starvation for a period of 24 h with xmrestricted supply of 
drinking water. At the end of this period, the mice were injected intra-peritoneally 
with either 0.1 ml saline or 2.5 jL.Lg PYY3.36 dissolved in 0.1 ml saline per mouse. 
The mice were then immediately presented with pre-weighted supply of standard ) 
chow and the amount of food consumed during the first 2 h was recorded. Each 

10 study group consisted of 10 mice and the amount of food consumed as reported in ) 
this example was per 10 mice. The amount of chow consumed by the group of 10 
saline-injected control mice was 9.9 g. The amount of chow consrmied by the group 
of 10 PYY3.36-injected mice was 7. 1 g. Hence, there was a 28% reduction of food 
intake following administration of PYY3.36 as compared wdth a control group of 

15 mice injected with saline. 

Example 3. PYY3.36 reduces food intake in an improved mouse re-feeding 
model. 

In order to assess whether the handling of the mice and the act of injection 
itself resulted in stress-induced loss of appetite, which could reduce the difference 

20 in food intake between the control and the PYY3.36-injected mice, the experiment 
was shghtly modified. Two groups of 10 normal male C57BL/6 mice at the age of 
10 weeks were subjected to starvation for a period of 24 h, with unrestricted supply 
of drinking water. At time 23 h 45 min, one group of mice was injected 
intraperitoneally with 0.1 ml saline and the second group was injected with 2.5 jxg 

25 P YY3-36 dissolved in 0. 1 ml saline per mouse. The mice were presented at 24 h with 
a pre-weighted supply of standard chow and the amount of food consumed during 
the first 2 h was recorded. The amoimt of chow consumed by the group of 10 
saline-injected control mice was 10.9 g. Tlie amoimt of chow consinned by the 
group of 10 PYY3.36-injected mice was 6.5 g. Hence, there was a 40% reduction of 
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food intake following administration of PYY3.36 as compared with the control group 
of mice injected with saline. 

Example 4. Determining the duration of the effect of PYY3.36 on food intake 

Two groups of 10 normal male C57BL/6 mice at the age of 12 weeks were 
subjected as before to starvation for a period of 24 h with unrestricted supply of 
drinking water. At trnie- 19 h, one group of mice was injected intra-peritoneally with 
0.1 ml saline and the second group was injected with 2.5 p.g PYY3-36 dissolved in 
0.1 ml saline per mouse. The mice were presented at 24 h with a pre-weighted 
supply of standard chow and the amount of food consumed dining the &st 2 h was 
recorded. The amount of chow consumed by the group of 10 saline-injected control 
mice was 11.2 g. The amoxmt of chow consumed by the group of 10 PYY3.36- 
injected mice was 11.4 g. Hence, there was no effect on food intake as compared 
with saline control. Therefore, when PYY3.36 is administered at a dose of 2.5 jig per 
mouse, its effect on food intake is lost after 5 h. 

Example 5. (FMS)2-PYY3.36 has a small immediate effect on food intake. 

Two groups of 10 normal male C57BL/6 mice at the age of 12 weeks were 
subjected to starvation for a period of 24 h with imrestricted suppty of drinking 
water. At time 23 h 45 min, one group of mice was injected intra-peritoneally with 
0.1 ml saline. The second group was kijected with 3 microgram (FMS)2-P YY3.36 , 
dissolved in 0.1 ml saline per mouse. The mice were presented at 24 h with a pre- 
weighted supply of standard chow and the amoimt of food consiuned dming the 
first 2 h was recorded. The amount of chow consumed by the group of 10 saline- 
injected control mice was 11 g. The amount of chow consumed by the group of 10 
(FMS)2-PYY3.36-injected mice was 9.9 g. Hence, there was a relatively small effect 
(10%) of (FMS)2-PYY3.36 on food intake. This ejBfect may be attributed to 
hydrolysis of (FMS)2-PYY3-36 into active PYY3.36 during the feeding period of 2 h. 
It is tlierefore concluded that (FMS)2-PYY3.36 probably lacks biological activity 
before being hydrolyzed into active PYY3.36- 

13 
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Example 6: Regeneration of biologically active PYY3.36 by mild hydrolysis of 
(FMS)2-PYY3.3(j. 

(FMS)2-PYY3-36 was dissolved (0.1 mg/ml) in 0.1 M NaHCOs (pH=8.5) and 
5 the solution was kept in a sealed test tube for 42 h at 37°C. The reaction mixture 
w^as then subjected to extensive dialysis against water. Two groups of 10 normal 
male C57BL/6 mice at the age of 12 weeks were subjected to starvation for a period 
of 24 h with imrestricted supply of drinking water. At time 23 h 45 Tnin^ one group 
of mice was injected intraperitoneally with 0. 1 ml of saline. The second group was 

10 injected with the retained fraction of the dialysis step (3 |xg hydrolyzed (FMS)2- 
PYY3.36 ra 0.1 ml saline per mouse. The mice were presented at 24 h with a pre- 
weighted supply of standard chow and the amoimt of food consumed during the 
first 2 h was recorded. The amount of chow consumed by the group of 10 saline- 
injected control mice was 1 1 g. The amount of chow consxuned by the group of 10 

15 mice injected with hydrolyzed (FMS)2-PYY3.36 was 6.6 g. Hence, there was a 40% 
reduction in food intake, indicating that (FMS)2-P YY3.36 was hydrolyzed into active 
PYY3.36. 

Example 7. Long-acting effect of (FMS)2-PYY3-36 on food intake. 

Two groups of 10 normal male C57BL/6 mice at the age of 12 weeks were 

20 subjected to starvation for a period of 29 h with unrestricted supply of drinking 
water. At time 23 h, one group of mice was injected intra-peritoneally with 0. 1 ml 
saline. The second group was injected with 50 \xg (FMS)2-PYY[3-36] dissolved in 
0.1 ml saline. The mice were presented at 29 h with a pre-weighted supply of 
standard chow and the amoimt of food consumed during the first 2 h was recorded. 

25 The amoimt of chow consumed by the group of 10 saline-injected control mice was 
12 g. The amount of chow consumed by the group of 10 (FMS)2-PYY[3-36]- 
injected mice was 5.9 g. Thus, the amount of food consumed was reduced by 51% 
as compared with a saline-injected control group. These experiments indicate that 
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(FMS)2-PYY[3-36] is a long-acting prodrug that has a dramatic effect on food 
uptake by hydrolyzing into active PYY[3-36] in mice. 

This experiment was repeated using a smaller dose (20 jxg) of (FMS)2- 
PYY[3-36] that was given 4 h before re-feeding at 24 h. This time the reduction in 
5 food intake was still significant. The group of 10 mice receiving saline ate 12.3 g, 
whereas the group receiving 20 |xg of (FMS)2-PYY[3-36] ate 7.4 g, namely, a 40% 
reduction in food intake. 



Example 8. Longer-acting effect of (FMS)2-PYY[3-36] on food intake. 

10 Two groups of 10 normal male C57BL/6 mice at the age of 12 weeks were 

subjected to starvation for a period of 24 h with unrestricted supply of drinking 
water. At time 45 h, one group of mice was injected intraperitoneaUy with 0.1 ml 
saline. The second gioup was injected with 20 >g (FMS)2-PYY[3-36] dissolved in 
0.1 ml saline. The mice were presented at 24 h with a pre-wei^ed supply of 

15 standard chow and the amount of food consumed during the first 2 h was recorded. 
The amount of chow consumed by the group of 10 saline-injected control mice was 
11.2 g. The amount of chow consumed by the group of 10 (FMS)2-PYY[3-36]- 
injected mice was 8.3 g. Thus, the amount of food consumed was reduced by 26% 
as compared with the saline-iojected control group. These experiments iadicate that 

20 (FMS)2-PYY[3-36] is a long-acting prodrug that has a dramatic effect on food 
uptake by hydrolyzing into active PYY[3-36] in mice. 
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CLAIMS: 

•1. A PYY agonist derivative of the formula: 
(X)„-Z 

wherem X is a radical 9-fluorenylmethoxycarbonyl (Fmoc) or 2-siilfo-9-fliioienyl- 
5 methoxycaibouyl (FMS), Z is the residue of a PYY agomst linked to the radical X 
through an aimno or hydroxyl group, and n is 1 to 3, or a phannaceuticaUy 
acceptable salt thereof 

2. A PYY agonist derivative of claim 1, wherein the PYY agonist is PYY of .tiie 

10 sequence represented by [SEQ ID NO.: 1]: 

YPIKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH2 

3. A PYY agonist derivative of claim 1, wherein the PYY agonist is PYY3.36 of 

the sequence represented by [SEQ ID NO.: 2]: 
15 IKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY-NH2 

4. The PYY agonist derivative of claim 1 selected from the group consisting of 
&e derivatives herein designated Fmoc-PYY, ^^mocVPYY, (Fmoc)3-PYY. FMS- 
PYY, (FMS)2-PYY and (FMS)3-PYY. 

20 5. The PYY agonist derivative of claim 1 selected ftom the group consisting of 
the derivatives herein designated Fmoc-PYYa-ae. (FmocV PYY3-36,. (Fmoc)3-. 
PYY3.36, FMS- PYY3.36, (FMS)2- PYY3-36, and (FMS)3- PYY3-36. 
6. The PYY agonist derivative herem designated (FMS)2- PYY3-36, of the 
sequence represented by [SEQ ID NO.: 3]. 

25 7. A pharmaceutical composition comprising a PYY agonist derivative 
according to any one of claims 1 to 6, and a pharmaceutically acceptable carrier. 
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8. A pharmaceutical . composition comprising (FMS)2-PYY3.36 and a 
pharmaceutically acceptable carrier. 

9. The pharmaceutical composition according to claim 7 for reduction of food 
intake. 

5 10. The pharmaceutical composition according to claim 8 for reduction of food 
intake. 

11. The pharmaceutical coiqposition according to claim 7 for treatment of 
diseases, conditions or disorders which can be alleviated by reduction of food 
intake. 

10 12. The pharmaceutical composition according to claim 8 for treatment Of 
diseases, conditions or disorders which can be alleviated by reduction of food 
intake. 

13. The pharmaceuticfal composition according to claim 11 for treatment of 
obesity. 

15 14. A pharmaceutical composition for the treatment of obesity comprising an 
obesity treating amount of (FMS)2-PYY3-36, and a pharmaceutically acceptable 
carrier. || 

15. The pharmaceutical composition according to claim 11 wherein said disease, 
condition or disorder is hypertension, dysUpidemia, cardiovascular risk, insulin- 

20 resistance, or diabetes mellitus. 

16. The pharmaceutical composition accordiag to claim 12 wherein said disease, 
condition or disorder is hypertension, dyslipidemia, cardiovascular risk, insulin- 
resistance, or diabetes mellitus. 

17. A method for reduction of food iatake which comprises administering to an 
25 individual in need an effective amount of a P YY agonist derivative of claim. 1. 
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18 A method for txeatmeat of a disease, condition or disorder that can be 
aUeviated by reduction of food intake which comprises adnunistering to an 
individual in need an effective amount of a PYY agonist derivative of claim 1. 
19. The method according to claim 14 wherein said disease or disorder is 
5 obesity: 

20 The metiiod aoooidmg to oUim M v*et=m said disease disorder is 
hypertension, dysUpidemia. caidioyaseular risk, eatmg disorder, m^Jin-resistanee, 

or diabetes mellitus. 

21 A method of treating obesity in an individual comprising administering to 
10 said individual a therapeuticaUy effective amount of (FMSVPYY3-36. or a 

pharmaceutically acceptable salt thereof. 

22 A method of inducing weight loss in an individual comprising administering 

to said individual a therapeutically effective amount of a PYY agonist derivative o|; 
15 claim l or a pharmaceutically acceptable salt of said compound. 

23. A method of inducing weight loss in an individual comprising administering 
. to: said individual a. therapeuticaUy effective amomit of (FMSVPYY3.3,, or a! 
phaimaceuticaUy acceptable salt thereof 
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Abstract of the Disclosure 



The invention provides a PYY agonist derivative of the formula: (X)n - Z, 
wherein X is a radical 9-fluorenylmethoxycarbonyl (Fmoc) or 2-sulfo-9-fluorenyl- 
methoxycarbonyl (FMS), Z is the residue of a PYY agonist linked to the radical X through an 
amino or hydroxyl group, and n is 1 to 3, or a pharmaceutically acceptable salt thereof, for 
reducing food intake and treatment of a disease, condition or disorder that can be alleviated by 
reduction of food intake such as obesity, hypertension, dyslipidemia, cardiovascular risk, eating 
disorder, insulin-resistance, or diabetes mellitus. 
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SEQUENCE LISTING 

<110> YEDA RESEARCH AND DEVELOPMENT CO. LTD. 
RUBINSTEIN, Menachem 
SHECHTER, Yoram 
FRIDKIN, ■ Matityahu 

<120> LONG-ACTING DERIVATIVES OF PYY AGONISTS 

<130> YEDA-045 PCT 

<150> US 60/460, 820 
<151> 2003-04-08 

<160> 3 

<170> Patentin version 3,1 

<210> .1 . _ 

<211> 36 • 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<220> 

<221> MOD_RES 

<222> (36).. (36) 

<223> AMIDATION of the C-terminus residue 

<400> 1 

Tyr Pro lie Lys Pro Glu Ala Pro Gly Glu Asp Ala Ser Pro Glu Glu 
1 5 10 15 



Leu Asn Ara Tyr Tyr Ala Ser Leu Arg His Tyr Leu Asn Leu Val Thr 
'20 25 30 



Arg Gin Arg Tyr 
35 



<210> 


2 




<211> 


34 




<212> 


PRT 




<213> 


Artificial 


Sequence 


<220> 






<223> 


Synthetic 




<220> 






<221> 


MOD RES 




<222> 


(34) . . (34) 




<223> 


AMIDATION 


of the C-terminus 



<400> 2 



lie Lys Pro Glu Ala Pro Gly Glu Asp Ala Ser Pro Glu Glu Leu Asn 
15 10 15 
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Arg Tyr Tyr Ala Ser Leu Arg His Tyr Leu Asn Leu Val Thf Arg Gin 

20 . 25 30 ...y* 

Arg Tyr 



<210> 3 

<211> 34 • 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<220> 

<221> MOD_RES . - 

<222> (1) . . (2) 

<223> lie (position 1) is sxibstituted by FMS, Lys (position 2) is subst 
ituted by epsilon-FMS 

<220> 

<221> MOD__RES 

<222> (34) . . (34) 

<223> AMIDATION of the C-terminus residue 



<400> 3 

lie Lys Pro Glu Ala Pro Gly Glu Asp Ala Ser Pro Glu Glu Leu Asn 
1 5 10 15 



Arg Tyr Tyr Ala Ser Leu Arg His Tyr Leu Asn Leu Val Thr J^xg Gin 
20 25 30 



Arg Tyr' 



